Background: Abdominal compartment syndrome (ACS) is associated with mortality in patients with critical illness such as severe acute pancreatitis, but it remains unclear whether decompressive laparotomy for ACS can improve the prognosis of patients. Case presentation: A woman in her 60s visited our hospital because of upper abdominal pain. On the basis of her laboratory data and abdominal contrast-enhanced computed tomography findings, acute gallstone pancreatitis was diagnosed. She underwent endoscopic sphincterotomy for the removal of the common bile duct stone. Then, a drainage tube was placed in the bile duct. However, on the 5th hospital day, her intra-abdominal pressure increased to 22 mmHg and renal dysfunction was observed, which led to the diagnosis of ACS. As intensive medical treatments did not improve her ACS, she underwent decompressive laparotomy on the 9th hospital day. Postoperatively, her laboratory data and intravesical pressure improved, and she was discharged from the hospital after abdominal closure, continuous drainage, and antibiotic therapy. Conclusion: As the effectiveness of decompressive laparotomy for ACS has not been established, this treatment indication remains controversial. Decompressive laparotomy is considered useful for the management of ACS, if it is performed at an appropriate time, as in the present case.
Background
The incidence of abdominal compartment syndrome (ACS) resulting from severe acute pancreatitis has been reported to be 4-27% [1] [2] [3] . The mortality is high (50-75%) in patients who have severe acute pancreatitis and develop ACS [3] [4] [5] . In severe acute pancreatitis, increased vascular permeability due to excessive inflammation, increased intraperitoneal volume associated with paralytic ileus, and decreased abdominal wall compliance due to edema result in the development of ACS [6, 7] . The goal of the treatment of ACS is to reduce intra-abdominal pressure by removing the contents in the intestinal tract and lesions in the abdominal cavity, improve abdominal wall compliance, optimize fluid administration, and optimize systemic and regional perfusion [8, 9] . If there is no response to these interventions, surgical abdominal decompression should be considered [8, 9] .
As the effectiveness of decompressive laparotomy for ACS has not been established, this treatment indication remains controversial. In the present case, we experienced that decompressive laparotomy for ACS resulting from severe acute pancreatitis was very effective.
Case presentation
A woman in her 60s visited our hospital because of upper abdominal pain. She had a history of appendicitis and cholelithiasis. She was diagnosed with acute gallstone pancreatitis based on her laboratory data and abdominal computed tomography (CT) findings.
Her physical examination at admission revealed that her blood pressure was 101/69 mmHg, body temperature was 36.1°C, pulse rate was 56 beats per minute, oxygen saturation was 97% with room air, and abdomen had epigastric tenderness without muscle guarding or rigidity. Laboratory investigations revealed a white blood cell count of 21.1 × 10 9 /L, hemoglobin level of 14.0 g/dL, and platelet count of 316 × 10 9 /L. Red blood cell count and serum creatinine level were within the normal range. Serum amylase and serum lipase levels were elevated to 2313 U/L and 868 U/L, respectively. Other blood tests showed mild elevations in the biliary enzymes as follows: aspartate aminotransferase 29 U/L, alanine aminotransferase 55 U/L, alkaline phosphatase 654 U/L, γ-glutamyl transpeptidase 168 U/L, and total bilirubin level 0.8 mg/dL. Arterial blood gas analysis was normal. Abdominal contrast-enhanced CT ( Fig. 1) showed enlargement of the pancreas, especially in the head of the pancreas, fluid collection around the pancreas, and choledocholithiasis. The pancreas showed homogeneous enhancement.
On the 1st hospital day, the patient was not allowed to eat or drink, and intravenous therapy with an antibacterial drug (doripenem) and a protease inhibitor (ulinastatin) was started. She underwent endoscopic retrograde cholangiopancreatography for common bile duct stone removal. Endoscopic sphincterotomy was performed, and a drainage tube was placed in the bile duct.
On the 2nd hospital day, her laboratory data worsened, and abdominal contrast-enhanced CT showed poor contrast of the pancreas, which led to suspected pancreatic necrosis being suspected, and spread of inflammation around the pancreas (Fig. 2a) . The patient was diagnosed with severe acute pancreatitis and admitted to the intensive care unit (ICU). She was intubated due to respiratory failure, and a vasopressor was started to reverse circulatory failure on the 4th hospital day.
On the 5th hospital day, the patient showed progressive abdominal distension and decreased bowel sounds. Abdominal CT indicated progressive enlargement of the pancreas and paralytic ileus (Fig. 2b) . Her intra-abdominal pressure, measured from her intravesical pressure, increased to 22 mmHg, and renal dysfunction was also observed, leading to the diagnosis of ACS [10, 11] . Gastrointestinal prokinetic agent and neuromuscular blockade were initiated, and a nasogastric tube was inserted to drain the intraluminal contents. As these medical treatments did not improve her ACS, the patient underwent decompressive laparotomy with a midline incision on her 9th hospital day (Fig. 3) . Postoperatively, her laboratory data and intra-abdominal pressure improved. However, despite administration of the antibiotic, the white blood cell count and C-reactive protein level deteriorated, and the necrotizing pancreatitis also did not improve. Therefore, when abdominal closure was performed on her 11th hospital day, percutaneous drainage tubes around the pancreas were inserted simultaneously. Continuous drainage and antibiotic therapy resulted in improvement of necrotizing pancreatitis, and she was discharged on the 104th hospital day. The drainage tubes were removed seven days after her discharge. The clinical course of this patient is shown in Fig. 4 . Fig. 1 a Abdominal contrast-enhanced CT showed pancreas enlargement, especially in the head of the pancreas. The pancreas showed homogenous enhancement. b Abdominal contrast-enhanced CT revealed fluid collection around the pancreas spread beyond lower kidney edge (white arrow). c There was a common bile duct stone (white arrow)
Discussion and conclusions
ACS is defined as the state where the abdominal pressure is 20 mmHg or higher, which leads to various clinical symptoms such as respiratory insufficiency, circulatory insufficiency, and organ failure [10, 11] .
ACS generally occurs in critically ill patients who have burns or traumatic injuries or have undergone transplant surgery [12] . ACS is of two types, namely primary and secondary [10] . Primary ACS is caused by injury or disease in the abdominal pelvic area, such as abdominal trauma and pancreatitis, often requiring surgical or radiological intervention [10] . In contrast, secondary ACS occurs due to factors other than injury or disease in the abdominal or pelvic area, such as burns, sepsis, and fluid resuscitation [10] .
ACS has been reported to increase mortality in patients with severe acute pancreatitis. Recently, the mortality rate has been shown to be 50-75% in patients who developed ACS after severe acute pancreatitis and 11% in patients who did not have ACS [3] [4] [5] 13] .
Intra-abdominal pressure can be measured indirectly by using, for example, an intragastric or intravesical catheter [14] . This method allows for a minimally invasive, easy, and accurate measurement of intravesical pressure; hence, it is a standard method for monitoring intra-abdominal pressure and diagnosing ACS [15] . As intravesical pressure fluctuates depending on the position of the head, the positions of the head and body must be matched in every measurement [15] [16] [17] . On the basis of the risk assessment for intra-abdominal hypertension, routine monitoring of intra-abdominal pressure has been advocated to enable early diagnosis in various conditions other than emergency surgical operation and external wound and in critically ill patients with overt ACS. Once intra-abdominal hypertension is observed, careful monitoring of the intra-abdominal pressure and organ functions needs to be performed along with appropriate measures to prevent further organ dysfunction and irreversible damage. In our case, it was possible to diagnose ACS early by monitoring the intravesical pressure in the ICU.
Management of ACS involves removing intraabdominal contents and lesions, improving abdominal wall compliance, and optimizing fluid administration and systemic perfusion [8, 9] . Management of ACS includes nasogastric tube insertion, use of gastrointestinal prokinetics, neuromuscular blockade, sedatives, analgesics, renal replacement therapy, and percutaneous drainage [8, 9] . When these treatment modalities fail to relieve ACS, surgical intervention is required [8, 9] . Fig. 2 a Abdominal contrast-enhanced CT showed contrast failure (white arrow) and extension of surrounding inflammation on the 2nd hospital day. b Abdominal CT revealed progression of pancreatic enlargement and paralytic ileus on the 5th hospital day Fig. 3 a A midline incision was made, and ascites drainage was performed. b A gauze was spread in the abdominal cavity. c Two drainage tubes were inserted. 4d A sterile drape was used to cover the wound Decompressive laparotomy successfully lowers the intraabdominal pressure [12] . However, the mortality rate of severe acute pancreatitis with ACS is high (54%) [12] .
Currently, no clear guidelines have been established for the indication of surgical intervention for patients with ACS due to severe acute pancreatitis. Further studies are required to clarify which cases are appropriate for surgical intervention. Some reports show that early decompression may improve survival. An analysis of 26 ACS patients with severe acute pancreatitis who underwent surgical decompression at a tertiary care hospital showed a decrease in mortality when surgery was performed within 4 days of disease onset (18% vs. 100%) [18] . In addition, 16 of 45 patients with severe acute pancreatitis in the ICU required surgical decompression, and the average time to surgery was 3.1 h from the diagnosis of ACS [19] . However, no significant difference in mortality was found between the group that required surgery and the group that did not require surgery (24% vs. 25%, P = 0.9) [19] . Boone et al. followed up 12 patients with severe acute pancreatitis who underwent decompressive laparotomy for the treatment of ACS over a 9-year period [5] . The decompressive laparotomy was performed within 4.5 days after ACS onset, with significant improvement in several physiological findings [5] . Thus, they concluded that early surgical decompression contributed to the improved prognosis in patients with these fatal complications [5] . These studies indicate that early surgical decompression in patients with ACS during severe acute pancreatitis is associated with a lower mortality rate. In our case, early surgical decompression (four days after being diagnosed with ACS) could be one of the important factors in saving the patient of the patient.
As the effectiveness of decompressive laparotomy for ACS has not been established, the indication of this treatment remains controversial. Decompressive laparotomy is considered useful for the management of ACS if performed at an appropriate time, as in the present case. 
